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roots, hypocotyls, and epicotyls (that part of the seedling which is above the cotyledons) were used. To prepare sterile seedlings for excision, dry, uniform seeds were sterilized for 15 min. in 20% Chlorox (0.25% sodium hypochlorite) solution and then placed in sterile distilled water in 6-in. Petri dishes, to soak for 12 hr. The excess water was poured off, and the dishes were placed in a dark room at 23-24°C. and left there for 7 days, or a shorter time if roots were to be used. The seeds were soaked in a large volume of water after sterilization to enable the seed coats to slip off easily as the seedlings enlarged. When this procedure was not followed, the seed coats remained firmly attached to the cotyledons, and the epicotyls could not readily be excised. The excision and transfer to culture flasks was carried out in a sterile transfer chamber. Usually seven pieces of the desired part of the seedling were placed in a %X&ml. Erlenmeyer flask. Both liquid and agar media were tried, but in later experiments, liquid cultures were employed exclusively. White's basal medium (7) was modified by substituting the minor elements used by Nitsch (8) . The vitamins under investigation were, of course, left out of the solution.
One hundred milliliters of solution was used per flask. The concentration of agar was 0.5%. The conditions of culturing were quite varied and will be mentioned as the occasion arises. In general, the culture flasks were kept in a laboratory, but sometimes in a dark room adjoining the laboratory. The temperature was quite constant at 23-24°C. in the dark room, but the laboratory temperature varied more. The flasks were stoppered with cotton plugs which were covered with caps of aluminum foil. Contamination with bacteria or fungi was very rare. Tests for contamination were made both by staining and culturing methods. Thiamine and riboflavin analyses were those of Connor and Straub (9) as modified for plant material by the writer (10). The niacin assay followed the prescribed procedure as given in the Methods of Vitamin Assay issued by the Association of Vitamin Chemists (11) .
In his investigations on vitamins, the writer has usually calculated the vitamin content in micrograms per gram fresh weight. In the experiments under consideration, it was soon learned that the growth consisted largely of an increase in water and not so much an increase in dry material. Therefore, if the previous practice of calculating the vitamin content on the basis of fresh weight was followed it would be misleading.
When this was realized, it was decided to calculat'e the vitamin content per explant before and after culturing.
Any gain in vitamin cont)ent of the sample after culturing over the original sample indicated synthesis.
RESULTS
The results of these experiments are shown in Tables I, II, When it became evident that the most accurate way of recording the results was to determine the vitamin content per explant rather than per gram, several experiments were set up in which selections were made in duplicates. These duplicate determinations, in general, agreed within a few per cent,, and it, is considered that this method of presenting the results is accurate.
Once it was definitely established that excised parts of White lupine seedlings synthesized riboflavin, thiamine, and niacin in sterile cultures, a few experiments were set up to study conditions influencing this synthesis. It was found, in cultures placed on a reciprocal shaking apparatus, that in 3 days on a shaker as much vitamin was produced as with staCanary cult'ures in 9 days. This increased synthesis with agitation could be due to aeration and/or to a closer contact with the nutrient medium.
A shaker large enough to take care of a whole experiment was not available and a substitute had to be found. Sterilized compressed air and nitrogen were passed through a train of Erlenmeyer flasks to aerate and agitate the solutions. The flasks were fitted with two side arms, the inlet tube extending to the bottom of the flask. The compressed air and nitrogen were sterilized by being passed through sinteredglass tubes extending into 12 N HzSOa solution and then washed in distilled water. Precautions were taken to prevent contamination during t,he assembling of the sterilized flasks. Contaminations were very infrequent and all septic cultures were discarded.
Several experiments, two of which are recorded in Table IV , were run in which nitrogen or air was bubbled through the nutrient solution containing the epicotyls. In both of the experiments, one train of flasks receiving either nitrogen or air was covered with black paper, while the others were exposed to the weak light (15-20 ft.-candles) of the laboratory. A control with no aeration accompanied each experiment.
The aeration increased the riboflavin and niacin concentration, but it is doubtful whether it had any effect on thiamine. Nitrogen decreased the concentration of all three vitamins. This decrease was probably due to lack of synthesis and continued utilization during the metabolism of the plant. How the oxygen might function is not shown in these experi- ments, but as its absence is equally inhibitory with all vitamins, it might be assumed that oxygen functions in aerobic respiration and that vitamin synthesis is therefore associated with aerobic respiration. The low light intensity in these experiments seemed to be sufficient to enhance the niacin synthesis when the tissue was aerated, and the same is probably true for riboflavin but not for thiamine. Under nonaerated conditions, the light was without effect.
In the above experiments, there is evidence as just mentioned, that light might influence the synthesis of niacin and riboflavin. Several experiments in which the light intensity was varied from 0 to 180 ft.-candles were set up. Four trains of ten SYNTHESIS OF B VITAMINS 195 flasks each were placed parallel to one another. Black cardboard was placed across the series of flasks so that five compartments were formed, each containing eight or more flasks. Each compartment had different light intensities, but the same temperature.
Light intensity of the value of 100-180 ft.-candles does increase the synthesis of riboflavin and niacin, but the influence of the lower light intensities is doubtful (Table V) . That the increase may be due to photosynthesis in the green explants is suggested by some experiments with roots, where there was a definite decrease of riboflavin at the higher light intensities. There is no relation between the thiamine content and light intensity.
DISCUSSION
From the abundant indirect evidence and that obtained by analysis of the particular vitamin, it is becoming evident that other parts than green leaves and stems are able to synthesize the B vitamins. In this investigation, it has been demonstrated that roots and hypocotyls without chlorophyll and epicotyls, which were green only when grown in light, produced vita.mins. This makes it evident that the process is not associated with photosynthesis.
hgitating the culture solution either by placing the flasks on a shaker or by bubbling sterile compressed air through the solution greatly increased the rate of synthesis of riboflavin and to a lesser extent that of niacin and thiamine. Agitating the solution with nitrogen, on the other hand, not only did not increase the vitamin content, but actually decreased it greatly for all three. The explants in the nitrogen cultures made no growth, but in appearance they were normal although small. The presence of oxygen is then an essential factor in the synthesis of thiamine, riboflavin, and niacin by the explants from White lupine seedlings when grown in vitro.
SUMMARY
In this investigation it has been found that excised roots, hypocotyls, and epicotyls of White lupine seedlings synthesize thiamine, riboflavin, and niacin when grown in sterile cultures. Oxygen is necessary for this synthesis.
